Radiation Physics Note U3
RESPONSE MATRICES FOR POLYETHYLENE BONNER SPHERES OF DENSITY 0.92 g/cm3
Jack Couch

July, 1984

Introduction

Sets of Bonner spheres are used at Fermilab to determine neutron energy

spectra. The laboratory presently has two sets of spheres, one of "high

density" (0.95 g/cm3) and one of "low density" (0.92 g/cm3).

It has been customary, with other experimenters, to use only high density

polyethylene for Bonner spheres. Consequently, response functions for Bonner

3

detectors have been calculated by Ref. 1 and others assuming 0.95 g/cm” density.

There are no calculated response matrices available in the literature for 0.92

3

g/cm” spheres.

The purpose of this report is to obtain response matrices for 0.92 g/cm3
density Bonner spheres. These matrices may be used in neutron spectra unfolding

codes to analyze data taken with low density spheres.



Response Matrices for Bonner Detectors

Fermilab uses either 8x8 mm LiI phoswich detectors or stacks of LiF TLD"s
in measurements using Bonner spheres. The energy groups and response matrices
(from Ref. 1) for 8x8 mm and UYx4 mm (approximate size of TLD stacks) detectors
used in connection with 0.95 g/cm3 density polyethylene are listed in Tables 1,
2 and 3 for easy reference. They are presently used in unfolding codes at

Fermilab.

Reference 1 also contains response matrices corresponding to 0.5 x 0.5 inch
LiI computed for 0.90, 0.95, and 1.0 g/cm3 densities. Comparison is made there
between a response matrix computed with transport codes for 0795 g/cm3 density
and a matrix determined by linear interpolation between the .90 and 1.0 g/cm3
density matrices. Interpolated and computed values generally differ by less
than 1% but in some cases, notably at low energies with the 12 inch sphere,

corresponding matrix elements differ by as much as 6%.

We obtained approximate response matrix elements for 0.92 g/cm3 density by
interpolating between the 0.90 and 0.95 g/cm3 density 0.5 x 0.5 inch Lil matrix

elements of Ref. 1 as follows:

R92,. = R90

ij + O.)-l (RQSiJ—RQOij) (1)

ij

where R9Oij, R92;j, and R95;; are the ij elements of the 0.90, 0.92, and 0.95

g/cm3 matrices, respectively.



3

are used to calculate .92 g/cm3 density matrix elements from 0.95 g/cm” elements

for any detector size used with the spheres. Those ratios are listed in Table

3 density matrix is obtained by multiplying

4, A given element in the 0.92 g/cm
the corresponding element in the 0.95 density matrix by the appropriate ratio

factor in the array of Table 4.

The 0.92 g/cm3 density response matrices for 4x4 mm and 8x8 mm LiI
detectors obtained by the above interpolation method are shown in Tables 5 and
6. Errors in the matrix elements of Tables 5 and 6 are expected to be less than

3% at most.

A sample comparison plot of 0.92 and 0.95 g/cm3 density response matrices
for the 3 inch sphere and 8x8 mm detector are shown in Fig. 1. The difference
in magnitude of the two curves varies noticeably over the energy range, as
expected. It is evident, too, that the two response function curves Cross at
about 1 keV energy. This is consistent with Table 4 and the .5 x .5 inch

response matrices of Ref. 1.

Summary

In the absence of available 0.92 g/cm3

density response functions,
approximate response matrices for 4xl4 mm and 8x8 mm Lil corresponding to that
density were calculated by linear interpolation from published 0.5 x 0.5 inch

response functions.



References

1.

Sanna, R.S., 1973, "Thirty One Group Response Matrices for the Multisphere
Neutron Spectrometer Over the Energy Range Thermal to LOO GeV," U.S. AEC,

HASL-267.

Table Titles

Table

Table

Table

Table

Table

Table 6 Response Matrix for 8x8 mm LiI detector and 0.92 g/cm

Energies and Energy Increments Computed from HASL-267, Table 1.

3

Response Matrix for 4x4 mm LiI detector and 0.95 gm/cm” density
spheres.
Response Matrix for 8x8 mm Lil detector and 0.95 gm/cm3 density

spheres.

Ratios obtained from interpolation calculation. Ratic values times

0.95 g/cm3 density matrix elements yield corresponding 0.92 g/cm3

density matrix elements.

3

Response Matrix for 4x4 mm LiI detector and 0.92 g/cm” density spheres.

3

density spheres.

Figure Caption

Figure 1

Compariscon of 0.92 and 0.95 g/cm3 density response functions for 3

inch sphere and 8x8 mm Lil detector.



Table 1

EMNERGY

3
s
!

NI o e T3 Y e

-

L8]

iR pipapaon
fa B LI BN I

Fl £
-

AND ERERGY
RESPONSE MATRICES.

ERERGY

. THERMAL

. 3316E-06
L FEIRE-06
. 2102E-0Y
. A4AGIE-QD
L FAZRIE-QD
L 19RSE--04
L ARRZE-04
L B941E-04

1893E-Q3

. 4041E~03
. B9B4E~03
L ATREE-O2
. 280E-02
. BO4BE--G2
. 1704E-01
L BHOTE-G1
L FA30E-01
. 1576E+CO

3176E+00

. HEGHE+Q0
. 1RBTE+C]
L RO93E+01
CE221E+01
. 1051E+02
L 19eR2E+G2
L ASPEE+0

5B73E+02
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HABL 267

LDE

- 4040E-06
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. TE24E--Q4
1461400
. 3417e~-05
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. 1931E~04
L BZARE-04
. &BAAE~04
. 1453603
. 2173603
. 65411E-03
. 1379E-0R
. 2P I8E~O2
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. BBE&EBE-GI

C1126E+00
. 2271E+Q0
L ASGRE+R0
. R19BE+O0
. 1852E+01

. 372E+01

. 7312E+01

. 108%E+02
. 1g84E+02
. 3260E+02
. D4H3VE+O2
L R7HQE+OZ
. 14B8E+07
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RESPONSE
.60

T 8x8 mm DETECTOR

4 A= SYMBOL REPRESENTS

T X .95 DENSITY

T + .92 DENSITY

LGO0E T .00CE G .000@ 57 .000BI57.000B 57.0013 57.01 3 57 . 571, 3 5710.
ENERGY MEV

'57100.3 57 1K




